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1. Title of Invention 

RANGE SOIL STABILIZATION METHOD' 

2, Claims 

1. A method of stabilize lead in a range soil ox material composing contacting said 
range .oil or material with an amount of at least one superphosphate, phosphate fertilizer, 
phosphoric acid, phosphate rock, phosphate and coaxing agents, lime, or lime and 
silicates that is effective to reduce the leaching of lead fioxa said soU or Serial to a level 
ao more thaa 5.0 ppm lead as determined in an BP A TCLP test permed on the resutting 
treated soil as set forth in the Federal Register, vol. 55, no. 126, pp. 269*5-2699* (Jtm . 
29, 1990) wherein said soil or material maintains its paniculate nature suitable for use , s . 
lead projectile collector and backstop at a rifle, handgun or ordinance firing rang, 
2- The method of claim 1, wherein the phosphate and phosphate and comply 
agents, is selected W «fc. group consisting of Triple Superphosphates, green phosphoric 
acid, phosphate fertilizers, phosphate rock, Conduct, and salts thereof 

3. The method of claim 2, wherein the SaIts of phosphoric acid are aikah metal SaUs . 

4. The method of chta 2, wherein the phosphate salt is a tedium phosphate, 
^u^hydrogeuphosphate.sod^dmydrogen phosphate, tripotassium phosphate, 
dipotassiumhydrogen phosphate, potassium dihydrogen phosphate, trifchium phosphate, 
dilithhmuhydxogen phosphate, Kthhm, dihdrogen phosphate or mixtures 0,^ 
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5. The method o f claim 2, wherein the phosphate and complexing agent as iron or 
aluminum are supplied as one product incIudhi S Triple Superphosphate, wet process 
phosphoric acids, green phosphoric acid, amber phosphoric acid, or Coproduct produced 
from finishing aluminum. 



6. The method of claim 1, wherein the range soil is contacted with at least one 
phosphate, phosphate fertilizer, „; ple superphosphate, phosphate and complexiug agents, 
Ihne, lime and silicates, in an amount equivalent to 0.01% to about 15% by weight based 
on the total soil weight. 

7. The method of claim 1, wherein the soil is contacted with at least one phosphate, 
phosphate fertilizer, superphosphate, phosphate rock, phosphate and complexing agent, 
line, lime and silicates, in an amount equivalent to about 1.0% to about 15% by weight of 
tocal range soil. 

8. The method of claim 1, wherein the soil is contacted with at least one phosphate, 
phosphate and complexing agent, lime, lime and silicates, in » amount equivalent to about 
1 to about 5% by weight of total range sol 

9. The method of claim 1, when said contacting is performed by addition of lead 
contaminated or uncontaminated range soil with stabilizing agents through tilling, mixing, 
blending, or other forms of soil inking. 

10. A method as in claim 1 wherein the contacting step comprises contacting ntagc 
soil with said at least one phosphate, phosphate and complexing ageut, hme, Hme and' 
Silicates, in an amount equivalent to about 1 wt% to about 15 wtS based on the total soil. 
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II. A method as in claim 1 wherein the contacting step comprises: applying a dry form 
of at lease one phosphate, phosphate rock, phosphate fertilizer, superphosphate, phosphate 
and completing agent, lime, lime and silicates, to said soil to form a treated soil and 
insolubilizing the soluble lead species iu the treated soilue in-line by use of rhc wetting 
agent withiu the soil or in situ in 3 range she by contacting said soil with water to iuither 

solubflize the phosphate, phosphate and completing agent, lime, lime and silicates, and 
iasolubilize the soluble lead sp ecies. 

12. A method of stabilizing lead in a range soil or material comprising contacting said 
rauge soil or material with an amount of at least one lead stabilizing agent including 
superphosphate, phosphate fertilizer, phosphoric acid, phosphate rock, phosphate and 
completing agents, lime, or lime and silicates that is effective to reduce the leaching of 
lead from said soil or material to acceptable leaching levek as deteimined in an EPA 
TOP test performed oa the resulting treated soil as set forth in the Federal Register, vol 
55, no. 126, pp. 26985-26998 (Jua 29, 1990) and other leaching tests required wherein 
said soU or material maintains its free flowing particulate nature suitable for use as a lead 
projectile collector aud backstop at a rifle, handgun or ordinance firing range. 
13. lie method of claim 12 wherein me stabilizing agent is added as a seed to the soil 
in a manner to both stabilize existing lead and provide residual stabilizing agent for ' 
subsequent stabilization of new lead projectiles fired into the range soil 
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a Detailed Description of Invention 

Technical Field to Which the Invention Pertains 
The present invention relates to a method for reduriuc die leaching of lead from rifle 

range, handgun and shot soil benas. 
Prior Art 

The leaching of lead into the environment has been a major couceruof health officials and 
water supply professionals for many years. Li addition to concern over direct leaching of 
lead into ground waters and surface waters, regulators and professionals have also been 
concerned with indirect leaching of lead from unhued landfills which generate acidic 
leaching conditions due to decay of organic matter and thus high levels of lead leaching 
potential. In response to the concern of lead leaching from both water and landfill 
leachate borne conditions, the USEPA under direction from Congress, prepared 
regulations for testing, managing and disposing of lead bearing wastes. The regulations 
uuder the Resource Conservation and Recovery Act (RCRA), and Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA - aka Superfimd) 
arc extensive, complex, and have great impact on industry and practices involving heavy 
metals including lead. Under RCRA. lead bearing wastes may be considered hazardous if 
failing the Toxicity Characteristic Leaching Procedure (TCLP) it 5.0 ppm, and thus 
required to be disposed at a hazardous waste landfill or treatment, storage and disposal 
facility (TSDF). These opuons are very expensive in normally S200.00 per waste ton. 
Under CERCLA, regulators can control or require treatment of lead wastes at almost any 
level as states have flexibility in setting cleanup standards. Consequently producing Pb 
bearing waste can be very expensive. Similar regulatory conditions exist with Japan, 
Swiss, etc. regulations. To date, range soils have been subject only to CERCLA action 
which requires stabilization or disposal of the soils at closed range sires. The soil 
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commonly fills TCLP criteria of 5.0 ppu, a„d i s thus a characteristic hazardous waste. 
The cunxsat methods used to manage these lead contaminated soils are reactive, Le., they 
treat the lead after the soil becomes contamiuated and consequently after die hazard exists. 
Tie chemicals used to treat lead soils include phosphates, silicates, cements, and sulfides. 
The methods are, however, reactive in design except for Foirester 5,722,928, which 
suggests adding the phosphate and complexing agent to die lead bearing material or waste 
prior to generating waste. Even under this method, Forrester anticipated the waste 
already bearing Pb. 

Problems to Be Solved by the Invention 

The present invention preseives a method to seed range soil prior to 
bearing Pb, and thus the question of treating Pb at TCLP levels never manifests itself, and 
lead is also subject to immediate stabilization upon contact as compared to managing lead 
waste only after lead exposure has occurred and existed. 
Means to Solve the Problems 

The present invention relates to a method for reducing the leacliing of lead from rifle 
range, handgun and shot soil berms. The method includes seeding the berm soil with dry 
lead stabilizing agents such that lead projectiles become mixed with lead stabilizing agents 
upon firing kto the berm and subsequently stabilized as lead stabilizing agents apatites or 
compounds. 

This invention has the advantage of reducing the Jeachabiiiry of lead immediately 
upon 5rst generation as a contaminant in the soil or material berm. This allows the soil 
berm to remain Wow TCLP levels and thus exempt from KCRA hazardous waste 
regulation. The immediate to-siru stabilization also assures comrol of Pb leaching and. 
ieductiou of ecological and human exposure risks by creation of immediate upon-coutact 
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water insoluble lead compounds such as pyromorphiie, lead phosphates, and stable 
compounds with silicates, hydroxides, hydroxyapatite Pb minerals, all of which have 
significantly less mobility and toxicity than the projectile lead form as elemental or lead 
oxides. 

lie lead stabilizing seeds also do not modify the berm projectile adsorptrve potential, 
density, hydraulic permeability, appearance, slope stability, fugitivity, runoff coefficients, 
particle size distribution, comparability or workability, and thus provides assurance that 
the berm will remain effective as an open environment projectile stop and recovery body. 
The dry stabilizing agent seed character is imperative to assure berm soils retain residual 
stabilizing capacity upon normal use. 
Modes for Carrying out the Invention 

Material or soil stabilization is herein defined as reducing the leaching of lead from beds, 
traps, berms, stops or barriers used in the management or control of lead projectiles at 
rifle, handgun, shotgun, or military ordinance ranges where such projectiles are used for 
target practice or competition. The reduction of leaching is determined by performing a 
suitable or regulatory required leaching test on the material or waste. 
The lead, in the projectiles to be fired or already fired into the soil, can be in elemental 
form and/or cationic fonu The most common form of lead is elemental in the form of 
projectile slugs to fine panicles of slug left on soil surfaces upon contact with soil and/or 
other material at high velocities. The soil subjected to projectile exposure cau contain as 
high as 100,000 ppm compositional lead and 300 pj>m TCLP teachable lead. Leachable 
lead in lead projectile exposed soils is commonly from 50 to 100 ppm TCLP (1), 200 ppm 
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California Soluble Threshold Limit Concentration (STLC) and between 0.5 and 5.0 ppm 
total soluble and 1 .0 micron suspended colloidal lead by water column and water 
extraction teas, 

Loach test conditions, as defined herein, include tie conditions to which a material 
or soil is subjected during dilate acetic acid leaching (TCLP), buffered citric acid leaching 
(STLC), distilled water or carbonated water leaching (Japan & Swiss and SW-924). 
Suitable acetic acid lead: tests include the USEPA SW-846 Manual described Toxicity 
Characteristic Leaching Procedure (TCLP) and Extraction Procedure Toxicity Test (EP 
Tox) now used in Canada. Briefly, in a TCLP test, 100 grams of waste are stirred 
tumbled with 2000 ml of dilute and buffered acetic acid for 1 8 hours. The extract solution 
is made up from 5.7 ml of glacial acetic acid and 64.3 ml of 1.0 normal sodium hydroxide 
up to 1000 ml dilution with reagent water. 

Suitable water leach tests include the Japanese leach test which tumbles 50 grams 
of composited soil sample in 500 ml of water held at pH 5.8 to 6.3, followed by ceatrifiige 
and 0.45 micron miration prior to analyses. Another suitable distilled water COa saturated 
method is the Swiss protocol using 100 grams of cemented waste at 1 cm 5 in two (2) 
sequential water baths of 2000 mL The concentration of heavy metals and salts are 
measured for each, bath and averaged together before comparison to the Swiss criteria. 

Suitable citric acid leach tests include the California Waste Extraction Test (WET), 
which is described in Title 22, Section 66700, "Environmental Health" of the Califcrnia 
Health & Safety Code. Briefly, in a WET test, 50 grams of waste are tumbled hi a 1000 
ml tumbler with 500 grams of sodium citrate solution for a period of 48 hours. Leachabic 
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lead, contained in the waste, then complexes with citrate anioas to form lead citrate. The 
concentration of leached lead is thai analyzed by Inductively-Coupted Plasma (ICP) after 
filtration of a 100 ml aliquot from the tumbler through a 45 micron glass bead filter. A 
WET result of > 5 ppm lead wfll result in the range soil as hazardous in California state. 

In one method, the range soil is contacted with a prilled stabilizing agent, which is 
at least slightly water soluble, dilute acetic acid soluble andVor citric acid soluble. The 
option of various stabiliang agents provides the design engineer flexibility agent recipe 
selection, with a preferred choice responding to the site conditions as well as required 
leaching test criteria. The use of prilled fertilizer phosphates sach as monoammonia 
phosphate (MAP), diammonium phosphate (DAP), Single Superphosphate (SSP),and 
Triple Superphosphate (TSP), would, as an example, provide a certain amount of water 
soluble phosphate contact with range soils immediately upon surface exposure and a 
higher level of soil contact and lead stabilization upon leaching from the soil aid lead 
projectile matrix by rainwater. Depending on the desired initial dry particle contact and 
rainwater leaching contact, the MAP, DAP, SSP, and TSP size, dose rate, application to 
soil, phosphate stabilizer content, surface coating and placement method could be 
engineered. When lead comes into contact with the stabilizing agent either by dry surface 
contact or through water borne ions, it forms low water soluble compounds, typically a 
mineral phosphate or precipitate, which is less soluble than the lead originally in the soil or 
projectile, particularly under leach test conditions. For example, the mineral apatite lead 
phosphate Ca .(PbXPOO, OH, lead phosphate Pb, (PC,), ]iad ^ Pbj (s ^ M 
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sulfide PbS, can be formed by adding respective precipitating agent seeds to the range soil 
la the presence of lead. 

Examples of suitable lead precipitating and stabilizing agents include phosphates; 
phosphate fertilizers MAP, DAP, SSP, TSP; phosphate rock, pulverized phosphate rock, 
calcium orthophosphates, prilled phosphate fertilizers, doloaritic lime, pebble lime, reek 
lime, sulfides, metasulfides, carbonates, magnesium oxides, silicates, sodium raetasilicates, 
cements, portland cement, phosphates, and lead complorfug agent combinations and 
combinations of the above, phosphoric acids, green phosphoric acid, amber phosphoric 
acid, Coproduct solution, ortho phosphoric acid, hypophosphoric acid, metaphosphoric 
acid, pyrophosphoric acid, disodium hydrogen phosphare, trisodium phosphate, and 
combinations thereof 

The amounts of lead stabilizing agent used, according to the method of invention, 
depend on various factors including lead content in the soil, required lead stabilizing agent 
potential residual for the range soil, desired lead reduction potential and site environmental 
control objective* The amount of the lead stabilizing seed to be added to the range soil to 
ensure adequate immobilization of lead will also depend on such variables as the alkalinity 
of the range soil and/or any other solid residue that may be present with a buffering 
capability, the amount of l=ad fragments initially present, and so on. It has been found that 
an amount of certain stabilizing agents such as prilled triple superphosphate, phosphate 
with completing agents, silicates, equivalent to between about 1% and about 2% by 
weight of range soil is sufficient for initial TCUP stabilization and residual phosphate 
loading for at least 5 years of seededrange in-situ stabilization. For that matter, since an 
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amount of the phosphate equivalent to about 2% by weight of soil worked so WeD, il is 
believed that an amount of 'the phosphate, phosphate with completing agents, sificatas, or 
other stabilizing agents source equivalent to between aboot 0.1% and about 2% by weight 
of wet soU would suffice. However, the foregoing is not intended to preclude yet higher 
usage of stabilizing agent seeds if needed since it lias been demonstrated that amounts 
greater than 5% by weight also work, but are more costly. 

The examples below are merely illustrative of this invcutiou and are not intended 
to limit it thereby in any way. 

EXAMPLE 

hi this example, range soil was treated with varying amounts of stabilizing. seed 
agents including Prilled Triple Superphosphate (TSP), Granular Phosphate Rock (ROCK), 
GreenPho^horicAdd(P04),RockLime(CAO), Rocklime and Sodium Silicate ■ 
(CAO/NS) and Coproduct (COP), and retested after various days of rainier leacluag in 
an open pi,. The samples of seeded range soils were then extracted according to TCLP 
procedure set forth in Federal Register, Vol. 55, No. 126, pp. 26985-26998 (Jun. 29, 
199), which is hereby Incorporated by reference aud water extraction by substituting 
deioniad water for the TCLP extraction fluid solution in the TCLP test. This test 
procedure is also referenced in 40 C.F.R. 260 (Appendix 2) and EPA SW 846, 3rd 

Edition. Theretainedle.chatewasdigestedpiiortoanalysisbyiCP. Thereafter, reagents 
were added by simple hand mixing. 
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TABLE 1 



Type-Days 


Agent % 


• TCLPPb(ppm) Wi 


SoiI-0 


Baseline 


143.6 


1.4 


SoH-0 


1TSP 


15.4 


ND 


Soti-0 


2 TSP 


<0.Q5 (NO) 


ND 


Son-o 


2P04 


ND 


ND 


Sofl-0 


2 COP 


0.32 


ND 


SoiI-0 


2 ROCK 


1.65 


ND 


SoiI-0 


3 CAO 


0.20 


1.3 


Soil-0 


2CAO/1NS KD 


ND 


Soil-365 


Baseline 


157 


0.94 


Soil-365 


1TSP 


4.3 


ND 


Soil-365 


2 TSP 


ND 


ND 


Soil-365 


2P04 


0.83 


ND 


£oil-3<$5 


2 COP 


2.4 


NO 


Soa-365 


2 ROCK 1.20 


ND 


Soit-365 


3 CAO 4.2 


3.2 


Soil-365 


2 CAO/J NS 


ND 


ND 



Tfcefb^^^ l ^^d^opcnbilitycf the present 
process to Mobilize 1^ TCLP ^ ^ ^ ^ fc ^ ^ ^ ^ ^ 
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providing various degrees of stabiliang seed within the soil thus allowing for production 
of a range soil which upon exposure to lead would retard lead leaching and avoid 
regulation as a hazardous Waste due 10 TCLP leaching levels.. Given the effectiveness of 
the triple superphosphate, phosphates and conxplexing agents, lime, lime and silicates, in 
causing lead to stabilize as presented in the table 1, it is believed that an amount of the 
stabilizing agents such as triple superphosphate, phosphate and completing agents, lime, 
Kme and silicates equivalent to less than \% by weight of range soil should be effective to 
iinrnobilizc lead from range projectiles. It is also apparent form die table 1 results that 
certain stabilizing seeds are more effective at short and long term leachate production 
control, such as triple superphosphate. Certain stabilizing agents have a lesser affinity to 
become water soluble and thus retain effective load control at a longer period than more 
soluble agents such as lime. In addition certain agents have a potential to increase tbje pH 
of the range soil and thus increase the water leaching potential of the lead as compared to 
baseline data, In these applications, care must be taken to assure that the control of TCLP 
does not cause an increase in the rainwater leaching of lead. In sites where lead water 
leaching is of little concern, such as a remote clay basin area, all example stabilizes agents 
would be suitable. In locations where leachate may be in contact with groundwater or 
surfece water, agents should be limited to superphosphates and phosphate rock thus 
limiting the short-term and long-term leaching potential of lead by rainwater. 

It will be apparent from foregoing that many other variations and modifications 
may be made in the methods and the compositions herein before described, by those 
having experience hi this technology, without departing from the concept of the present 
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invention. Accordingly, ft should be dearly understood that the methods a«d 
compositions referred to hereia iu Ore foregoing description Uo ^ ^ ^ 

not intended to have any fcniutiou on the scope of the inventlou.- 
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The seeding of soil or materials with lead 

f ange soils, after iiirurc use. ■ 



1. Abstract 
Problems 

Providing a method for reducing the leaching of 
lead from gun and rifle range soils. 

Solving Means 

A method includes contacting the soil or material 
used as the bullet stop berm behind targets with 
a seeding of lead stabilizing agents. 



Z Representative Drawing 
None 
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RANGE SOIL STABILIZATION METHOD 
BACKGROUND OF INVENTION 
lie leaching of lead into the environment has been a major concern of health officials and 
water supply professionals for many years. La addition to concern over direct leaching of 
lead into ground waters and surface waters, regulators and professionals have also been 
concerned with indirect leaching of lead from unlined landfills which generate acidic 
leaching conditions due to decay of organic matter and thus high levels of lead leaching 
potential In response to the concern of lead leaching from both water and landfill 
leachate borne conditions, the USEPA under direction from Congress, prepared 
regulations for testing, managing and disposing of lead bearing wastes. The regulations 
under the Resource Conservation and Recovery Act (RCRA) and Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA - aka Superfund) 
are extensive, complex, and have great impact on industry and practices involving heavy 
metals including lead. Under RCRA, lead bearing wastes may be considered hazardous if 
failing the Toxicity Characteristic Leaching Procedure (TCLP) at 5.0 ppm, and thus 
required to be disposed at a hazardous waste landfill or treatment, storage and disposal 
facility (TSDF). These options are very expensive in normally $200.00 per waste ton. 
Under CERCLA, regulators can control or require treatment of lead wastes at almost any 
level as states have flexibility in setting cleanup standards. Consequently producing Pb 
bearing waste can be very expensive. Similar regulatory conditions exist with Japan, 
Swiss, etc. regulations. To date, range sous have been subject only to CERCLA action 
which requires stabilization or disposal of the soils at closed range sites. "The soil 
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commonly fails TCLP criteria of 5.0 ppm and is thus a characteristic hazardous waste. 
The current methods used to manage these lead contaminated soils are reactive, Lc., they 
treat the lead after the soil becomes contaminated and consequently after the h azar d exists. 
The chemicals used to treat lead soils include phosphates, silicates, cements, and sulfides. 
The methods are, however, reactive in design except for Forrester 5,722,928, which 
suggests adding the phosphate and coraplexing agent to the lead bearing material or waste 
prior to generating waste. Even under this method, Forrester anticipated the waste 
already bearing Pb. The present invention preserves a method to seed range soil prior to 
bearing Pb, and thus the question of treating Pb at TCLP levels never manifests itself and 
lead is also subject to immediate stabilization upon contact as compared to managing lead 
waste only after lead exposure has occurred and existed. 

SUMMARY OF THE INVENTION 
The present invention relates to a method for reducing the leaching of lead from rifle 
range, handgun and shot soil berms. The method includes seeding the bemi soil with dry 
lead stabilizing agents such that lead projectiles become mixed with lead stab ilizin g agents 
upon firing into the benn and subsequently stabilized as lead stabilizing agents apatites or 
compounds. 

This invention has the advantage of reducing the leachability of lead immediately 
upon 5rst generation as a contaminant in the soil or material benn. This allows the soil 
benn to remain below TCLP levels and thus exempt fromRCRA hazardous waste 
regulation. The immediate in-siru stabilization also assures control of Pb leaching and 
reduction of ecological and human exposure risks by creation of immediate upon-contact 
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water insoluble lead compounds such as pyromorphite, lead phosphates, and stable 
compounds with silicates, hydroxides, hydroxyapatite Pb minerals, ail of which have 
significantly less mobility and toxicity than the projectile lead form as elemental or lead 
oxides. 

The lead stabilizing seeds also do not modify the berm projectile adsorptive potential, 
density, hydraulic permeability, appearance, slope stability, fugirivity, run off coefficients, 
particle size distribution, comparability or workability, and thus provides assurance that 
the berm will remain effective as an open environment projectile stop and recovery body. 
The dry stabilizing agent seed character is imperative to assure berm soils retain residual 
stabilizing capacity upon normal use. 

DETAILED DESCRIPTION OF THE INVENTION 
Material or soil stabilization is herein defined as reducing the leaching of lead from beds, 
traps, berms, stops or barriers used in the management or control of lead projectiles at 
rifle, handgun, shotgun, or military ordinance ranges where such projectiles are used for 
target practice or competition. The reduction of leaching is detennined by performing a 
suitable or regulatory required leaching test on the material or waste. 
The lead, in the projectiles to be fired or already fired into the soil, can be in elemental 
form and/or cationic form The most common form of lead is elemental in the form of 
projectile shigs to fine particles of slug left on soil surfaces upon contact with soil and/or 
other material at high velocities. The soil subjected to projectile exposure cau contain as 
high as 100,000 ppm compositional lead and 300 ppm TCLP leachable lead. Leachable 
lead in lead projectile exposed soils is commonly from 50 to 100 ppm TCLP (1), 200 ppm 
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California Soluble Threshold Limit Concentration (STLC) and between 0.5 and 5.0 ppni 
total soluble and 1.0 micron suspended colloidal lead by water column and water 
extraction tests. 

Leach test conditions, as defined herein, include the. conditions to which a material 
or soil is subjected during dilute acetic acid leaching (TCLP), buffered citric acid leaching 
(STLC), distilled water or carbonated water leaching (Japan & Swiss and SW-924). 
Suitable acetic acid leach tests include the USEPA SW-846 Manual described Toxicity 
Characteristic Leaching Procedure (TCLP) and Extraction Procedure Toxicity Test (EP 
Tox) now used in Canada. Briefly, in a TCLP test, 100 grams of waste are stirred 
tumbled with 2000 ml of dilute and buffered acetic acid for 18 hours. The extract solution 
is made up from 5.7 ml of glacial acetic acid and 64.3 ml of 1.0 normal sodium hydroxide 
up to 1000 ml dilution with reagent water. 

Suitable water leach tests include the Japanese leach test which tumbles 50 grams 
of composited soil sample in 500 ml of water held at pH 5.8 to 6.3, Mowed by centrifuge 
and 0.45 micron filtration prior to analyses. Another suitable distilled water C0 2 saturated 
method is the Swiss protocol using 100 grams of cemented waste at 1 cm 3 in two (2) 
sequential water baths of 2000 ml. The concentration of heavy metals and salts are 
measured for each bath and averaged together before comparison to the Swiss criteria. 

Suitable citric acid leach tests include the California Waste Extraction Test (WET), 
which is described in Title 22, Section 66700, ;, Environmental Health" of the California 
Health & Safety Code. Briefly, in a WET test. 50 grams of waste aire tumbled in a 1000 
nil tumbler with 500 grams of sodium citrate solution for a period of 43 hours. Leachable 



lead, contained in the waste, then complexes with citrate anions to form lead citrate. The 
concentration of leached lead is then analyzed by Inductively-Coupled Plasma (1CP) after 
filtration of a 1 00 ml aliquot from the tumbler through a 45 micron glass bead filter. A 
WET result of > 5 ppm lead will result in the range soil as hazardous in California state. 

In oue method, the range soil is contacted with a prilled stabilizing agent, which is 
at least slightly water soluble, dilute acetic acid soluble and/or citric acid soluble. The 
option of various stabilizing agents provides the design engineer flexibility in agent recipe 
selection, with a preferred choice responding to the site conditions as well as required 
leaching test criteria. The use of prilled fertilizer phosphates such as monoammonia 
phosphate (MAP), diammonium phosphate (DAP), Single Superphosphate (SSP),and 
Triple Superphosphate (TSP), would, as an example, provide a certain amount of water 
soluble phosphate contact with range soils immediately upon surface exposure and a 
higher level of soil contact and lead stabilization upon leaching from the soil and lead 
projectile matrix by rainwater. Depending on the desired initial dry particle contact and 
rainwater leaching contact, the MAP, DAP, SSP, and TSP size, dose rate, application to 
soil, phosphate stabilizer content, surface coating and placement method could be 
engineered. When lead comes into contact with the stabilizing agent either by dry surface 
contact or through water borne ions, it forms low water soluble compounds, typically a 
mineral phosphate or precipitate, which is less soluble than the lead originally in the soil or 
projectile, particularly under leach test conditions. For example, the mineral apatite lead- 
phosphate Ca <(Pb)(PO,) 3 OH, lead phosphate Pb, (PO^, lead silicate Pb 2 (S 1 0,) and lead 
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sulfide PbS, can be formed by adding respective precipitating agent seeds to the range soil 
in the presence of lead. 

Examples of suitable lead precipitating and stabilizing agents include phosphates; 
phosphate fertilizers MAP, DAP, SSP, TSP; phosphate rock, pulverized phosphate rock, 
calcium orthophosphates, prilled phosphate fertilizers, dolomitic lime, pebble lime, rock 
lime, sulfides, metasulfides, carbonates, magnesium oxides, silicates, sodium metasilicates, 
cements, portland cement, phosphates, and lead complexing agent combinations and 
combinations of the above, phosphoric acids, green phosphoric acid, amber phosphoric 
acid, Coproduct solution, ortho phosphoric acid, hypophosphoric acii metaphosphoric 
acid, pyrophosphoric acid, disodium hydrogen phosphate, trisodium phosphate, and 
combinations thereof 

The amounts of lead stabilizing agent used, according to the method of invention, 
depend on various factors including lead content in the soil, required lead stabilizing agent 
potential residual for the range soil, desired lead reduction potential and site environmental 
control objectives. The amount of the lead stabilizing seed to be added to the range soil to 
ensure adequate immobilization of lead will also depend on such variables as the alkalinity 
of the range soil and/or any other solid residue that may be present with a bufiering 
capability, the amount of lead fragments initially present, and so on. It has been found that 
an amount of certain stabilizing agents such as prilled triple superphosphate, phosphate 
with complexing agents, silicates, equivalent to between about 1% and about 2% by 
weight of range soil is sufficient for initial TCLP stabilization and residual phosphate 
loading for at least 5 years of seeded range in-sifu stabilization. For that matter, since an 
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amount of the phosphate equivalent to about 2% by weight of soil worked so well, it is 
believed that an amount of the phosphate, phosphate with complexing agents, spates, or 
other stabilizing agents source equivalent to between about 0. 1% and about 2% by weight 
of wet soil would suffice. However, the foregomg is not handed to preclude yet higher 
usage of stabilizing agent seeds if needed since it has been demonstrated that amounts 
greater than 5% by weight also work but are more costly. 

The examples below are merely illustrative of this invention and are not intended 
to limit it thereby in any way. 

EXAMPLE 

lu this example, range soil was treated with varying amounts of stabilizing seed 
agents including Prilled Triple Superphosphate (TSP), Granular Phosphate Rock (ROCK), 
Green Phosphoric Acid (P04), Rock Lime (CAO), Rock Lime and Sodium Silicate 
(CAO/KS) and Coproduct (COP), and retested after various days of rainwater leaching in 
an open pit. The samples of seeded range soils were then extracted according to TCLP 
procedure set forth in Federal Register, Vol. 55, No. 126, pp. 26985-26998 (Jun. 29, 
199), which is hereby incorporated by reference and water extraction by substituting 
deionized water for the TCLP extraction fluid solution in the TCLP test. This test 
procedure is also referenced in 40 C.F.R 260 (Appendix 2) and EPA SW 846, 3rd 
Edition The retained leachate was digested prior to analyses by ICP. Thereafter, reagents 
were added by simple hand mixing. 
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TABLE 1 

Type-Days Agent % TCLP Pb(ppm) Water Pb (ppm) 

Soil-0 Baseline 143.6 1.4 

Soil-0 1TSP 15.4 nd 

Soil-0 2TSP <0.05(ND) ND 

Soil-0 2P04 ND ND 

Soil-0 2 COP 0.32 kd 

Soil-0 2 ROCK 1.65 N D 

Soil-0 3 CAO 0.20 1.3 

Soil-0 2CAO/1NS ND ND 

Soil-365 Baseline 157 o.94 

Soil-365 1TSP 4.3 N D 

Soil-365 2 TSP ND ND 

Soil-365 2P04 0.83 ND 

•Soil-365 2 COP 2.4 ND 

Soil-365 2 ROCK 1.20 ND 

Soil-365 3 CAO 4.2 3.2 

Soil-365 2 CAO/1NS ND ND 

The foregoing results in Table 1 readily established the operability of the present 
process to immobilize leachable, TCLP and water soluble lead in the range soil while also 
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providing various degrees of stabilizing seed within the soil thus allowing for production 
of a range soil which upon exposure to lead would retard lead leaching and avoid 
regulation as a hazardous waste due to TCLP leaching levels,. Given the effectiveness of 
the triple superphosphate, phosphates and complexing agents, lime, lime and silicates, in 
causing lead to stabilize as presented in the table 1, it is believed that an amount of the 
stabilizing agents such as triple superphosphate, phosphate and complexing agents, lime, 
lime and silicates equivalent to less than 1% by weight of range soil should be effective to 
immobilize lead from range projectiles. It is also apparent form the table I results that 
certain stabilizing seeds are more effective at short and long teraiieachate production 
control, such as triple superphosphate. Certain stabilizing agents have a lesser affinity to 
become water soluble and thus retain effective lead control at a longer period than more 
soluble agents such as lime. In addition certain agents have a potential to increase thje pH 
of the range soil and thus increase the water leaching potential of the lead as compared to 
baseline data. In these applications, care must be taken to assure that the control of TCLP 
does not cause an increase in the rainwater leaching of lead. In sites where lead water 
leaching is of little concern, such as a remote clay basin area, all example stabilizing agents 
would be suitable. In locations where leachate may be in contact with groundwater or 
surface water, agents should be limited to superphosphates and phosphate rock thus, 
limiting the short-term and long-term leaching potential of lead by rainwater. 

It will be apparent from foregoing that many other variations and modifications 
may be made in the methods and the compositions herein before described, by those 
having experience in this technology, without departing from the concept of the present 
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invention. Accordingly, it should be clearly understood that the methods and 
compositions referred to herein m the foregoing description are illustrative only and 
not intended to have any limitation on the scope of the invention. 
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I clainr 

1. A method of stabilizing lead in a range soil or material comprising contacting said 
range sod or material with an amount of at least one superphosphate, phosphate fertilizer; 
phosphoric acid, phosphate rock, phosphate and completing agents, lime, or lime and 
silicates that is effective to reduce the leaching of lead from said sod or material to a level 
no more than 5.0 ppm lead as determined in an EPA TCLP test performed on the resulting 
treated sod as set forth in the Federal Register, vol. 55, no. 126, pp. 26985-26998 (Jun. 
29, 1990) wherein said soil or material maintains its particulate nature suitable for use as a 
lead projectile collector and backstop at a rifle, handgun or ordinance firing range. 

2. The method of claim 1 , wherein die phosphate and ph osphate and completing 
agents, is selected from the group consisting of Triple Superphosphates, green phosphoric 
acid, phosphate fertilizers, phosphate rock, Coproduct, and salts thereof 

3. The method of claim 2, wherein the salts of phosphoric acid are alkali metal salts. 

4. The method of claim2, wherein the phosphate salt is a trisodium phosphate, 
disodium hydrogen phosphate, sodium dihydrogen phosphate, trip otassium phosphate, 
dipotassium hydrogen phosphate, potassium dihydrogen phosphate, trilWrium phosphate, 
dihthiumhydrogen phosphate, lithium dihdrogen phosphate or mixtures thereof 

5. The method of claim 2, wherein the phosphate and completing agent as iron or 
aluminum are supplied as one product including Triple Superphosphate, wet process 
phosphoric acids, green phosphoric acid, amber phosphoric acid, or Coproduct produced 
from finishing aluminum 
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6. The method of claim 1, wherein the range soil is contacted with at least one 
phosphate, phosphate fertilizer, triple superphosphate, phosphate and completing agents, 
lime, lime and silicates, in an amount equivalent to 0.01% to about 15% by weight based 
on the total soil weight. 

7. The method of claim 1, wherein the sofl is contacted with at least one phosphate, 
phosphate fertilizer, superphosphate, phosphate rock, phosphate and completing agent, 
lime, lime and silicates, in au amount equivalent to about 1.0% to about 15% by weight of 
total range soiL 

8. The method of claim 1, wherein the soil is contacted with at least one phosphate, 
phosphate and completing agent, lime, lime and silicates, in an amount equivalent to about 
1 to about 5% by weight of total range soiL 

9. The method of claim 1, when said contacting is performed by addition of lead 
contaminated or uncontaminated range soil with stabilizing agents through tilling, mixing, 
blending, or other forms of soil mixing. 

10. A method as in claim 1 wherein the contacting step comprises contacting range 
soil with said at least one phosphate, phosphate and completing agent, lime, Erne and 
silicates, in an amount equivalent to about 1 wt% to about 15 wt% based on the total soil. 
II- A method as in claim 1 wherein the contacting step comprises: applying a dry form 
of at least one phosphate, phosphate rock, phosphate fertilizer, superphosphate, phosphate 
and completing agent, lime, lime and silicates, to said soil to form a treated soil and 
insoiubilizing the soluble lead species in the treated soilue in-line by use of the weaing 
agent within the soil or in situ in a range she by contacting said soil with water to further 
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soiubilize the phosphate, phosphate and compiexing agent, lime, lime and silicates, and 
iusolubflize the soluble lead species. 

12. A method of stabilizing lead in a range soil or material comprising contacting said 
range soil or material with an amount of at least one lead stabilizing agent including 
superphosphate, phosphate fertilizer, phosphoric acid, phosphate rock, phosphate and . 
complexing agents, lime, or lime and silicates that is effective to reduce the leaching of 
lead from said soil or material to acceptable leaching levels as determined in an EPA 
TCLP test performed on the resulting treated soil as set forth in the Federal Register, vol. 
55, no. 126, pp. 26985-26998 (Jun. 29, 1990) and other leaching tests required wherein 
said soil or material maintains its free flowing particulate nature suitable for use as a lead 
projectile collector and backstop at a rifle, handgun or ordinance firing range. 
13. The method of claim 12 wherein the stabilizing agent is added as a seed to the soil 
in a manner to both stabilize existing lead and provide residual stabilizing ageat for 
subsequent stabilization of new lead projectiles fired into the ranse soiL 
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ABSTRACT 
RANGE SOIL STABILIZATION METHOD 
A method is disclosed for reducing die leaching of lead from gun and rifle range soils. The 
method includes contacting the soil or material used as the bullet stop berm behind targets 
with a seeding of lead stabilizing agents. The seeding of soil or materials with lead 
stabilizing agents provides a means to stabilize lead already in the berm while also allowing 
for future lead bullets, fragments, or lead shot fired into the berm to be stabilized upon 
contact with the lead stabilizing agents seeds or contact with rainwater leaching through 
the lead stabilizing agents seeds. Tins method eliminates the need to remove and re-treat 
range soils, after future use. 



